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Mode  Locking  of  Semiconductor  Laser  with  External  Cavity 


by  Qin  Xiaorong,  Fang  Tao,  Zeng  Hansheng,  Gao  Yizhi 
(Qingnua  University) 

Paper  received  on  September  1,  1986. 

Mode  locking  of  semiconductor  laser  with  externa' 
cavity  has  been  observed  by  optoelectronic 
feedback.  ■ — p  -7 

In  t he  jest  few  years,  the  super- short  pulse  general  ec  t >y 
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time  inspection  for  a  detector  as  well  as  time  domain  measurerne:.* 
for  fiber  optics.  There  are  three  types  of  super-short  pu  ■  s-: 
generating  methods  for  a  semiconduct  or :  1.  Locking  moot-  of  a 
semiconductor  laser  with  external  cavity.  When  a  modulates 
alternating  current  (AC),  frequency  t,  ,  flows  across  a 
semiconductor  laser,  and  if  t,  is  equal  to  or  integer  times  of  tiv 
frequency  of  the  longitudinal  mode,  an  active  locking  mode  can  b c- 
achieved  [13.  A  passive  locking  mode  can  be  accomplished  by  using 
an  aged  LD  or  an  LD  whose  end  surface  has  been  subjected  to  proton 
bombardment  [21.  2.  Direct  electric  excitation  [3*1  A  super-snort 

light  pulse  can  be  obtained  due  to  gain  switching  effects  when  a 
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strong  current  of  tens  times  the  pulse  width  or  a  strong  sine 
current  is  applied  to  a  LD.  3-  Optoelectronic  feedbacK  i41. 

After  tne  output  light  from  a  self-pulsing  LD  is  converted  to  an 
electric  signal  by  passing  it  through  a  photodiode,  tne  signai  is 
then  amplified  and  fedback  to  the  LD,  an  optical  pulse  of  10  30  p-; 
can  then  be  obtained  (as  shown  in  Fig.  1).  The  optical  and  tne 
power  supply  systems  are  simplified  by  adopting  this  method; 
however,  a  strong  self-pulsing  LD  is  required. 

It  is  inevitable  to  have  impurity  and  defects  existing  in  a 
semiconductor  crystal  which  forms  electron  traps  in  tne  forbiooen 
band.  When  a  positive  current  flows  across  the  semiconductor,  tne 
electron  population  increases  in  the  conduction  band,  at  tne  same 
time,  the  electron  trap)  will  be  able  to  catch  some  electrons.  Tne 
electron  caught  by  tne  trap  can  escape  from  it  and  jumps  to  the 
conduction  band  after  absorbing  a  photon,  which  increases  tne 
carrier  Density.  The  higher  the  light  intensity,  tne  larger  this 
effect.  Moreover,  the  electron  trap  can  eaten  additional 
electrons  while  the  electron  in  tne  condition  band  makes  a 
non-radiant  jump  to  the  valence  band.  The  physical  processes 
stated  above,  as  well  as  the  saturating  gain  effect,  can  induce  an 
periodical  adjustment  of  the  carrier  density  in  the  LD,  ano 
consequently  generate  a  light  pulse  (as  shown  in  Fig.  2).  The 
pulse  amplitude  depends  upon  the  electron  trap  density,  -T0 .  if  t„ 
is  too  small,  the  pulse  will  be  too  weak  to  be  detected  .  This 
sort  of  LD  can  not  be  used  in  an  optoelectronic  feedback  to 
generate  a  super- short  pulse. 
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Fig.  1  The  block  diagram  of 
the  optoelectronic  feedback 
pr i nc i p 1 e  • 

Key:  i i j  Photodiode; 

(2)  Microwave  amplifier. 


Fig.  2  Illustration  of  a 
self-pulsing  process, 
n:  electron  density,  ♦ :  pboto 
density,  T;  empty  electror: 
trap  density,  t;  time. 


This  paper  presents  a.  super- short  pulse  generating  method  oy 
feeding  the  1 ight - induced  pulse,  which  is  generated  by  a 
semiconductor  laser  with  external  cavity,  back  to  the  LD  after 
passing  through  an  optoelectronic  conversion.  When  an  externa i 
cavity  is  formed  by  an  LD  and  an  external  mirror,  an  oscillating 
gain  in  the  LD  will  be  established  by  the  periodic  photo  feeanyr-c 
and  the  electronic  trap  effect,  and  consequently  create  an  incur  e,-. 
self-pulsing.  The  cavity  length  has  a  direct  bearing  on  toe 
frequency,  amplitude  and  pulse  width  of  the  induced  sell'  -pulsing. 
[7].  The  seif -pul sing  wi! ,  be  suppressed  when  the  pulse  is 
short.  The  self-pulsing  strength  can  be  increased  if  the  cavity 
is  over  a  certain  length.  Even  for  those  LDs  without  a 
self-pulsing,  a  stronger  self-pulsing  can  be  obtained  after  an 
external  cavity  is  attached.  The  test  has  proved  that  an  LD  wi i i 
be  able  to  generate  an  induced  self-pulsing  generally  after  an 
external  cavity  is  added.  Therefore,  the  concept  of  the 
optoelectronic  feedback  method  for  a  semiconductor  laser  with  an 


external  cavity  makes  sense.  The  frequency  of  the  i noun: o 
se:  f-pulsing.  t,  -  me./ 2b,  L  is  the  externa;  cev  i  t  y  ier^tr,. 
light  speed,  m  =1,  2,  3  -  -  •  ■  •  ,  trie  magnitude  of  m  depends  on  t  . 
cavity  length  and  the  current.  The  frequency  of  the  feedback 
electric,  pulse  will  be  equal  to  or  integer  times  of  the  frequency 
of  light  which  travels  back  and  forth  in  the  external  cavity.  If 
the  feedback  is  strong  enough,  an  active  mode- locking  effec  t  a', 
be  achieved.  The  mechanism  of  creating  an  induced  sel  f -pu  1  s  i  ng  .is 
si mi l ar  to  but  not  exact iy  the  same  as  the  passive  locking  mooe 
In  an  experiment,  the  locking  condition  can  be  shown  on  a 
microwave  spectrum.  When  it  has  not  yet  been  locked,  the 
microwave  spectrum  is  wioe  because  the  frequency  interval  s  os  trie 
longitudinal  mode  are  not  even.  The  spectrum  wiatn  wi  1  ;  t 
narrowing  while  being  locked-  The  experiment  shows  that  tne 
longitudinal  mooe  will  be  iocKeo  when  the  strength  of  tne  mc-ucio 
self-pulsing  increases  to  a  certain  level,  and  this  induced 
self-  pu  1  s  i  ng  will  be  converted  to  a  passive  locking  mode .  It  ’  •••»-* 
elect  ron  trap  density  in  an  LD  is  high,  or  the  density  of  tne 
saturating  absorption  center  is  increased  by  using  an  art  i.  ir.  a  1 
method  suer-  as  photon  bombardment,  etc.,  the  passive  locking  mooe 
can  be  obtained.  Titus  the  optoelectronic  feedback  can  lead  to  an 
active-passive  self-adjusting  locking  mode. 

The  experiment  setup  is  illustrated  in  Fig.  3.  A  strip 
GaAlAs  bi- impurity  LD  which  has  been  through  the  photon 
bombardment  treatment  is  used  in  the  experiment.  The  length  of 
the  self -focus  is  0.23  pitch,  and  the  reflection  mirror  M,  is 
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coated  with  the  full  reflective  medium.  The  current  t  hre.sho  •  o  o? 

the  lD  itse;f  is  74  mA,  and  it  oecomes  I»k  =  70  rnA  after  a  •.  - 

cm  external  cavity  is  formed.  A  dynamometer  is  useo  to  morn  -  r 
the  coupling  effect  of  the  external  cavity.  A  Textronic  4bo 
spectrometer  is  also  used  to  view  the  self-pulsing  frequency.  Tu 
spectrum  of  the  induced  self-pulsing  basically  reflects  the 
microwave  spectral  frequencies  of  the  various  modes  of  the  output 
light.  After  the  light  signal  is  converted  to  an  electrical 
signal  in  toe  APD  i,  it  is  then  amplified  and  fed  to  trie  LD.  7  m- 

signai  is  amplified  20  dB  in  the  range  of  300  "  500  MHz. 


Fig.  3  Illustration  of  the  experiment  setup. 

Key;  t  1 )  Oscilloscope;  (2)  Dynamometer;  (3)  Seif-mcu.- 
ieris;  ('  4  >  Spectrometer;  (5)  Amplifier-. 

The  L.D  itself  used  in  the  experiment  has  no  self -pul  sing;  on .  y 
the  wide  band  noise  can  be  detected  in  the  spectrometer.  Figure 
4a  and  4c  show  the  microwave  spectrum  of  the  induced  self-puising 
of  the  semiconductor  laser  with  a  L  34cm  external  cavity,  when 
the  device  is  subjected  to  various  current  conditions.  The 
self-pulsing  frequencies  are  430  MHz  and  436  MHz,  and  their 
spectral  width,  Af  are  18  MHz  and  5  MHz,  respectively.  Figure  4r> 
and  4d  show  the  microwave  spectrum  which  has  passed  through  an 
optoelectronic  feedback.  It  clearly  indicates  that  tne  puise 


amplitude  is  noticeably  increased  after  the  pulse  has  pasac 
through  tne  optoelectronic  feedback.  The  microwave  spectra' 
width,  & t  is  reduced  from  18  MHz  to  ?  MHz  ana  from  5  Muz  to 
KHz,  respectively.  This  phenomenon  indicates  longixurii  na  j  mo.:-, 
locking.  When  the  longitudinal  mode  is  fully  locked,  the  lower 
limit  of  Af  should  be  equal  to  the  the  line  width  of  the 
longitudinal  mode.  Tne  line  width  of  the  longitudinal  moan  oi  a 
semiconductor  laser  with  a  flat  external  cavity  whose  length,  L  i c 
approximate i y  several  centimeters  and  is  approximately  1  M w:ij.o 
is  determined  by  using  the  autodyne  method.  The  microwave  band 
width  after  the  optoelectronic  feedback  obtained  in  the  exper  incnk 
is  close  to  the  line  width  of  the  longitudinal  mode.  Owing  to  inf 
time  lag  effect  of  the  feedback  signal,  both  pulse  frequencies 
before  and  after  feedback  are  slightly  different. 


im.  | 

Fig.  4  An  induced  self-pulsing  and  the  microwave  spec  truii 
of  the  output  light  after  the  optoelectronic  feedback, 
(a),  Cb)  X-axis  5  MHz/grid,  Y-axis  500  microV/gria; 

Cc)  X-axis  5  MHz/grid,  Y-axis  10  DB/grid; 

(d)  X-axis  2  MHz/grid,  Y-axis  10  DB/grid. 


Figure  5a,  5b  show  the  variations  of  both  the  pulse  amplitude 
A  ,  and  microwave  band  width,  Af,  along  with  the  input  current. 


I  for  ootn  oases  with  feedback  ana  without  feedback.  Trm 
b 

curves  inchoate  tnat  Cl)  the  pulse  amplitude  ana  m:  >-rowave 
wjath  are  re;atea  to  the  input  current  when  the  cavity  ,  eng* : ,  i 
fixed-  Trie  maximum  pulse  amplitude  and  the  minimum  microwave 
width  can  be  obtained  at  a  certain  current  value.  Under  this 
current,  the  positive  carrier  density  reaches  the  optimum  when  trie 
feedback  light  pulse  in  the  external  cavity  rushes  to  the  LD.  if 
the  current  is  too  small,  the  carrier  density  still  reaches  the 
optimum  condition  when  the  light  pulse  arrives,  and  trier:  the  ]n 
amplitude  will  be  low.  The  low  amplitude  is  not  sufficient  to 
lock  the  nearby  longitudinal  mode  interval  at  the  peak  frequency 
of  the  se 1 f-pu 1 s i ng;  therefore,  the  microwave  bano  width  is 
larger.  if  tne  current  is  too  great,  the  carrier  density  n as- 
reached  its  optimum  condition  before  the  light  pulse  arrives,  ana 
forms  an  excited  radiation.  Part  of  tne  carrier  is  exhausted  wne- 
the  light  pulse  arrives,  thus  the  light  pulse  is  wiaer,  ana  its 
amplitude  is  smaller.  i 2)  The  optoelect  ronic  feedback  makes  t-c 
pulse  amp.ituce  increase  and  microwave  spectrum  decrease 
noticeably;  consequently,  mode  locking  is  reached  at  tne  opt  uuun. 
condition.  When  the  pulse  amplitude  is  too  small  because  of  Ine 
weak  feedback  signal,  the  feedback  effect  is  not  noticeable. 

Conclusion?  The  noticeable  narrowing  of  the  microwave 
spectrum  explains  the  mode  locking  phenomenon  which  occurs  when 
the  optoelectronic  feedback  is  sufficiently  strong.  A  second 
order  harmonic  relating  method  or  a  strip  camera  can  be  used  to 
measure  trie  pulse  width  in  order  to  positively  identify  the_. 
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locking  condition.  After  testing  several  LDs,  the  r  esn  1 1  s  .*?•>;«* 

that  most  of  £he  i-Ds  possess  a  relatively  strong  induced 

self-pulsing  at  i  GHz.  A  better  result  can  be  achieved  i  3  a  .1  G  - 

amplifier  is  used  and  its  magnifying  power  is  increased.  Tne 

experiment  shows  that  an  induced  self-pulsing  can  be  obtained  frc 

the  LD,  which  originally  has  no  sel f-pul sing,  after  an  external 

cavity  is  formed;  therefore,  the  optoelectronic  feedback  method 

for  generating  an  induced  self-pulsing  is  significant.  If  the 

semiconductor  laser  with  an  external  cavity  reaches  the  passive 

locking  moae,  an  act  3 ve- passive  self-adjusting  locking  mooe ,  w: , , 

occurs  owing  to  the  automatic  matching  between  the  adjusting 

frequency  ana  cavity  jengtn,  can  be  achieved  after  the 

I  f  ~  i  .. 

optoci ect  roni<~  .  eecoack.  t  •  f.  •  <  *  _ 


Fig.  5  The  variation  of  the  pulse  amplitude,  A,,  and 
microwave  spectral  width,  Af,  vs.  4  . 

(  — A,~I*/i4fc, WU,  o  --  without  optoe  i  e  't  roni 

feedback,  x  --  with  optoeiectronic  feedback! 
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